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Sm@lARY

TestsweremadeintheLmgleygusttunnelofa
modelto provideinformationon SOB oftheproblems
predictionofgustloadsforairplanesincorpomting

300swepttmck=wing
encounteredinthe
sweptwings.The

resultsindicatethattithtnthescow ofthedata&d theml~s of
gradientdistanceinvestigated,themaximumaccelerationincrementdepends
ontheslo~ oftheliftcurveofm equivalentstraightwingmultiplied
bythecosineoftheangleof sweepandontheeffectofgradualpme-
trationofthesweptbackwingintothegust.

Itwasalsofoundthatanairplanewitha 30°sweptwingwouldshow
positivepitchingmotionina gust,butthattheaccelerationincremnt
wouldbe approximately15~rcentlowerthanthatfortheequivalent
straightwing.

INTRODUCTION

Theuseofsweptwingshasledto questionsaboutthegustloadfactor
forairplaneshavingwingsofthistyp3. Theproblemspxed includethe
selectionoftheappropriateslopeofthe-lift cme andthedetermination
oftheeffec~ofthegraduelpenetrationofa swepttig intoa gust.In
orderto provideinformationforthesolutionoftheseproblems,gust.-
tunnelinvestigationsandanalysesweremadeontworelatedswept+dmgmodels
andtheresultsreportedinreferences1 and2. As a continuationofthe
investigationoftheeffectofsweeponthegustloadfactor,theresults
of gust-tunneltestsofa modelhavinga 30°sweptlackwingarepresented.
Theexpmimental
hy themethodof

resultsarecomp@red-withtheresultsof&iLculationsmade
references1 and3.

A photogra@ofthemodelusedinthetestsis shownasfigure1,and
theplan-viewlinedrawingis shownasfigure2. Thecharacteristicsof
themodelandthetestconditionsareas follows:
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Weight,W,~unds . . . . . . . . . . . . . . . . . .
Wingsxea,S,i3qusxefeet. . . . . . . . . . . . . .
Wingloading,W/S,po~ds pr SqUIUW foot. . . . . .
Span,b,feet. . . . . . . . . . . . . . . . . . . .
Asmctratio,b2/S . . . . . . . . . . . . . . . . .
Chordlengthsmeasuredparallelto planeof syammtry:

lbangeomstricchord,feet. . . . . . . . . . . .
Rootchord,cs,feet . . . . . . . . . . . . . .

.Tipchord,ct,feet... . . . . . . . . . . . .
Taperratio,Ctfag . . . . . ... . . . . . . . . . .

. . .
● .0

● . .

. . .
● ✎ ✎

. . .

. . .

. . .

. . .

Slow ofliftcurvedeteminedby forcetests,Wr radian.
Slopeofliftcurvedetemninedby@t iplyinglift-curve

slopeofequivalentstraightwingby cosineof sweep
an.gle,perradian ...’.... . . . . . . . . . . . .

Cente~f~vity position,prcentofmeangeometricchord
Gustvelocity,U, feetpersecmd . . . . . . . . . . . . .
Forwardvelc%ity,V, milesperhour. . . . . . . . . . . .

..0

. . .

. : ‘.

● .0

..0

. . .

. . .

● ✎ ✎

✎☛✎

● ✎ ✎

. . .
..0

. . .

.0.

--

9*75
6.05
1.61

4x

1.16
1.55
0.77
0.5

3.15

.3.82
23.0

E

ForcetestsofthemodelweremadeintheLsmgleyfree-flighttunneland
theS1OXPoftheliftcurveofthemodelwithtailoffisincludedintlm
precedingtable.Thecente~f~vity &sitionofthemodelwasadjusted.
to givethe’samsstaticstabilityasthatofthemodelsinreferences1
eJld2.. ,

Thewingofthemodelwasderivedfromthatoftheequivalentstraight-
wingmodelofreference1 by rotatingthestraightwingaboutthehalf–
chordpointattheplaneof symmetrysothatthehalf-chordline,whichwas
kepta constantlen@h,movedbackthroughanangleof30°. Thewingtip
wasmodifiedto theformindicatedinfigure2. fiorderto providespace
forbatteriesandaccelerometerinthewingofthemodel,thecentersection
hassmoothbulgesprojectingfromthetopandbottomsurfaces.Thethickness
atthecentersectionisthereforeaboutdouble“thethicknessthatthewing
wouldhavewithoutthebulge.

ThepresentIangleygusttunnelisthesameinprincipleasthegust
tunneldescribed.inreference4 andutilizeslikeinstrumentationand
techniques.Thecapacityofthegu.st+mnnelequipmentnowusedis such
that6-foot+p.nmdela canbe flownupto s~edsof100milesNr hour
throughgustswithvelocitiesupto 20 feetpersecond.Thegustofair
providedis8 feetwideand14 feetlong.Thethreegustvelocity
dis%ributionsforwhichthetestsweremadeareshowninfigure3 asplots
oftheratiosoflocalgustvelocityto averagemsxlmumgustvelocity
againstthehorizontaldistanceinchordsfromtheleadingedgeofthe
gusttunnel.Thegustvelocitydistributionsweremadetohavegradient
distances(distancefromthestarttotheNak ofthegust)ofO, 5.0,
and9.0meangeometricchords.

I
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Testsofthe30°sweptbackwingconsistedofflightsofthemodel
. ata forwardspeedofabout60miles~r hourthroughthreegustshams

havingaveragemaxtmumgustvelocitiesofabout10 feetpersecond.A
minimumof8 flightswasmadeforeachofthethreegustshams.
Measurementsofforward.velocity,gustvelocity,normal+cceleration
increment(recordedaccelerationminusaccelemtionin steadyflight),
andpitch-angleincrementweremadeduringeachflight.

PRECISION

Themea&redquantitiesareestimatedtobe accuratetithinthe
followinglimitsforsaysingletest

Accelerationincrement,h, g units
l?oruaxd~elocity,feetwr second
Gustvelocity,feetpr second. . .
Pitch-angleincrement,M, degrees

orrun:

. . . . . . . . . . . . . . *0,05
*0.5. . . . . . . ..0.. . .

. . . . . . . ..*.. . . *0.1

. ...*. . . . . . . ● . *0.1

Resultsfromrepeatflightsshouldhavea maximumdiswrsionofnot
morethan*O.05gfora sharp-edgegust,*O.07gfora gustwitha“gradient
distanceof 5 chords,and*O.lgfo-ra gustwitha gradientdistanceof

I 9 chords.TlyLsdismrsionistheresultofminorvariationsinthetest
conditions,theeffectofwhichcannotbe eliminatedby correctionsto
thedata.

Therecordsforallfli~tswereevaluatedto obtainhistoriesof
thenormal+ccelerationincrementandpitchincrbmentduringthetraverse
ofthegwt. Representativetestresultsareshowninfigures4(a),4(b),
and4(c).

Themximm accelerationincre~ntforeachtestflightwasdetemined
fromtheflightrecordandwascorrectedto a modd weightof9.’25pohnds,
a forwardvelocityof60milesWr hour,anda gustvelocityof10 feet
persecondonthebasisoftheassumptionthattheincrementisinversely
propmtionaltothemodelweightanddirectlyproportionalto forward
sped andgustvelocity.Thiscorrectionwasmadesothattheseresults
canbe compsredwiththoseofreference1 andsothattheeffectofminor

,. variationsinlaunc~ s~ed andgustvelocitycanbe eliminated.The
averageofthecorrectedmaximumaccelerationincrementsforeachgust
sham ispresentedintable1.

Figure4 showsthatthemodelhasappreciablepitchingmotionat
thepointofmaximumaccelerationinallthreetestgusts.b orderthat.
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a comparisonoftheexpmimentalvalueswiththevaluescalculated
accordingto themethodofreference1 canhemade,theeffectofpitching .

motionwasremovedfromtheexperiment@data.ThlEIchangewasmadeby the
appro~te methodrepmtedinreference1 andtheresultantvalues
of * sreincludedintableI.

cALcmATIm

Calculationsto predicttheresponseofthemodelto thetestgusts
weremadeaccordingto themethodpresented.inrefe?xmce1. Jl%OS1OF9S
oftheliftcurvewereused:thatofthestraight+ingmodelofrefer-
ence1 multipliedby thecosineoftheangleof sweepandthatdetemined
fromtheforcetestsofthemodelwithouttailstiaces.Theunsteady-
liftfunctionsCLg (forRnetrationofa sharp-edgegust)and ‘C%
(fora suddenchan& ofangleofattack)werederivedfromthefunctions
forinfiniteas~ctratiogiveninreference~. ~ CW’V9 for CLgJ

however,wasmodifiedby striptheoryto includetheeffectofthegradual
Wnetmtionoftheswe~ wingintothegust.Th9c~es for CL

$Z
Sadc

%
modifiedandunmodifiedareshowninfigure5.

Forcomparativepurposescalculationswere.madeforthete% -s bY
themethodofreference3 usinga slopeoftheliftcurvederivedby the
cosinelaw. Theequationsofreference3 area solutionofequation(1)
ofreference1 usingemunmodifiedcurvefor CLg emd,inthecaseof

gradientgusts,theadditionalassumptionism& thattheaccelerskion
incrementreachesa m&dmumvalueatthesametimethegustreachesits
msximum.

DISCUSSION

TableI tndicatesthatthecorrectedeqrimentalvaluesof~’
accelerationincrement~ reducedto zeropitchareinexcellent
agreementwiththecalculatedvaluesobtainedby themethodofreference1
whentheS1OIMoftheliftcurveusedisthatderivedby thecosinelaw.
Thevaluesof + obtainedusingthemasuredsteady-flowofthelift

curve,however,wereap~oximately13~rcentlowerthsmthecosine-law ‘
values.Thisresultisinagreementwiththefindingofreference1 for
the45°sweptbackwing. Thesamecocclusions,therefore,canbe drawn
forthewingofthesetests;thatis,withinthescopeofthedataand
therangeofgradientdistancesinvestigated,themsximumacceleration
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incrementexperiencedina gustby a sweptback+ngairplanede~ndson

5

theslopeoftheliftcurveoftheequivalentstraightwingmultiplied
by thecosineoftheangleofsweepratherthanonthesteady-flowslow
oftheliftcurve.

IhtableI, comprisonwasmadeofthemaximumaccelerationincrements
obtainedfrcmcalculationsby themethodsofreferences1 and3. Refe?+
ence1 usesa curveof CL

g
modifiedto accountfortheeffectsof

penetration,intothegust.TableI indicatesthatalthoughthedifference
inthevaluesdeterminedbythetwomethodsis smaX1.,thevaluesdetemined
by themethodofreference1 areinletteragreementwiththeexperimental
results. TILLsagreementis similarto thefindingsofreference1. The
maximumaccelerationincrementisbelieved,tbprefore,to deyendpartly
ontheeffectontheunsteady-liftfunctionofgradualpenetrationofa
sweptbackwingintoa gust.

.
TableI showsthatthepitch@ motionresultsinabouta g-~rcent

increaseinaccelerationincrementforthethreegustshaps. This
increasecompresfavorablywiththeresultsreportedinreference1
whichstatesthatthepositivepitchingmotionofthe0°and
450sweptback~ modelsincreasestheaccelerationincrement4 prcent
and10 ~rcent,res~ctively.Thisincreaseindicatesthattheeffect
ofpitchingmotiononthevalueof _ increaseswiththeangleof
sweepofthewingandistheresultofgradual-rsion ofthewing
intoa gust.

TheresultsintableI com~d withtableIX h reference1 show
that,despitetheadverseeffectofpitchingmotionfora gi’vengust,a
netreductioninaccelerationincrementof approximately15~rcentof
thatforanequivalentstraightwingisobtainedby using.a 30°swept-
backwing.

CONCLUDINGRIQKRKE

As intheinvestigationofa 45°sweptback+ringmodel,theresults
obtainedfromcalculationsandtestsofthe30°sweptback+ngconfi~
rationindicatedthat,withinthescow ofthedataandthevaluesof
gradientdistanceinvestigated,themaximumaccelerationincremsmt
experiencedina gustby anairplanewitha sweptbackwingdepmdson
(1)theslow oftheliftcurveoftheequivalentstraightwing
multipliedby thecosineoftheangleof sweepratherthanonthesteady–
flow,slopeoftheliftcurveandon (2)theeffectofthegradual ‘
Wpetrationofthegustontheunsteady-liftfunction.
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Thedataalsoindicatedthatthemaximumaccelerationincrenn3nt
experiencedina gustby a sweptback~ airplanewouldbe lessthan

1794

.

t3&L experienced~y anairplanewithanequivalentstraightwingdespite
theadverseeffectofthepitchingmotionoftheairplane.

LangleyAeronauticalLaboz&ory
NationalAdvisoryCommitteeforAeronatiics

Langley& Face Base,Va.,I?ovemher24,19M
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TABLEI

C0MPAKI@3NOF mmmmmALAmcAICmmKD~

AcmzwrIoN ImRmmr3

calculated & Csloulated An&

Grsd.ient C-*ted
e~rixmntal

‘ E::z -
(g mlts)

Corrected
experimmtal

~ reduced

to zero pitch
(g Ulllts)

from referenoe 1
(g Units) Ifrcm refemnoe

(g units)
3 I

cos-
Iiw
slop

0 1.91 1.72 1,72

5 l.m 1.59 1.55

9 1.49 1.37 1.46

1.42 1.78

1.28 1.60

1.26 “ 1.% “
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Figure2.-Planformofmodelwith30°sweptlack
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Figwe 4.–Representativehistoriesofeventsintestgusts.
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